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Executive Summary  

Grand Portage National Monument (GRPO), established by an act of Congress (P.L. 85-910, 72 

Stat. 1751) in 1958, is located in extreme northeastern Minnesota. It protects the site of the 

historic North West Company fur trading post on Lake Superiorôs Grand Portage Bay and the 

major canoe portage trail connecting the Great Lakes to the lakes and streams of the Canadian 

northwest. The Monument consists of 709 acres, 69 of which are in the Lakeshore Unit, which 

includes the trading post site. The canoe portage trail is 539 acres in a corridor 8.5 miles long and 

600 feet wide which passes through an ancient gap in the hills and traverses areas of southern 

boreal forest and wetland. At the other end of the trail is the historic site of Fort Charlotte, a 101-

acre site which today is largely undeveloped and serves as a campsite for trail users and canoers 

descending the Pigeon River from the Boundary Waters Canoe Area Wilderness. In 2010, nearly 

114,000 people visited GRPO; 86,212 visited the Heritage (Visitor) Center, and 210 took out 

backcountry permits to camp at Fort Charlotte. 

The trail corridor crosses a rugged landscape underlain by ancient sedimentary shale and 

siltstone bedrock, into which dikes of diabase, an igneous rock, intruded about 1,100 million 

years ago. The current landscape is the result of a glacial advance about 12,000 years ago that 

scoured high areas and filled in low areas. GRPO is in the USEPA Northern Lakes and Forests 

ecoregion, and over 92% of GRPO is covered by forest and woodland, with 74% of the forest in 

the southern boreal white-spruce-balsam fir group.  

GRPO is located in an area of mid-continental climate, with hot summers and cold winters, but is 

greatly influenced by its location on Lake Superior, which moderates temperatures, increases 

precipitation, and creates a slight seasonal shift to later summers. In the western portion of the 

trail corridor, away from the Lake, temperatures are more extreme, and conditions are generally 

drier. 

GRPO is surrounded by the reservation of the Grand Portage Band of Lake Superior Chippewa 

except where it is bordered by the Pigeon River. It is the only unit within the National Park 

Service that co-manages natural resources through a Tribal Self-Governance Act agreement. 

From an ecosystem management perspective, the relative narrowness of the trail corridor 

requires that GRPO resources be evaluated at larger landscape or watershed scales. 

GRPO is located entirely within the Baptism-Brule subwatershed of the Lake Superior 

watershed. It crosses three smaller watersheds. The Grand Portage Creek watershed includes 

Grand Portage Creek, which enters Grand Portage Bay in the Depot area, and two small 

impoundments, Mt. Maud Lake and Dutchman Lake. These impoundments lie outside GRPO. 

The Poplar Creek watershed includes wetland areas where the trail crosses the creek. The Upper 

Pigeon River watershed includes Snow Creek and the Pigeon River at the end of the portage 

trail. Snow Creek and Poplar Creek are tributaries of the Pigeon River. 

Animals of significance to GRPO include the beaver, moose, gray wolf, and coaster brook trout. 

The beaver is a critical element in the history of GRPO because of its importance to the fur trade; 

GRPO is the earliest fur trading site in the NPS. Within GRPO, the major active beaver colony is 

on Snow Creek. The moose population in northeastern Minnesota is in decline. GRPO has been 

designated an area of critical habitat for the gray wolf, which was recently removed from the 
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federal Endangered Species list. Coaster brook trout, a distinct form of brook trout native to Lake 

Superior, are stocked in Grand Portage Creek by the Grand Portage Band. GRPO is additionally 

home to three Minnesota threatened fauna and four fauna of special concern. GRPO has one 

Minnesota endangered plant, four threatened plants, and 11 plant species of special concern. 

This Natural Resource Condition Assessment was undertaken to evaluate current conditions for a 

subset of natural resources and resource indicators in GRPO. Using a framework developed by 

the Science Advisory Board of the USEPA, natural resources were evaluated in six categories: 

landscape condition, biotic condition, chemical and physical characteristics, ecological 

processes, hydrology and geomorphology, and natural disturbance regimes. A total of 42 

resources and indicators were evaluated (Table i) by reviewing existing data from peer-reviewed 

literature and federal, state, and tribal agencies. Data were analyzed where possible to provide 

summaries or new statistical or spatial representations. 

Natural resources and resource indicators in GRPO are affected by activities and processes at 

scales ranging from local (e.g., logging, road density, and sewage discharge) to global (e.g., 

atmospheric deposition and climate change). Conditions of significant concern are related to air 

resources (deposition of mercury and nitrogen) and exotic species in the Pigeon River; these are 

out of the jurisdiction of GRPO managers. Similarly, those resources that are in conditions of 

moderate concern, with a declining trend (the southern boreal forest, moose, and the hydrology 

of the Pigeon River) are primarily affected by climate change. Some resources and resource 

indicators such as beaver populations and water quality are in good and stable condition. 

Improvements have been noted in the aquatic macroinvertebrate populations in Grand Portage 

and Poplar Creeks, and levels of some organic contaminants (DDT and PCBs) have declined. 

Although the Grand Portage Band and the NPS Great Lakes Inventory and Monitoring Network 

have collected a significant amount of data on natural resources in GRPO in recent years, much 

of it does not yet have a period of record sufficient to evaluate trends. Monitoring efforts in 

subject areas including water quality, aquatic macroinvertebrate populations, beaver populations, 

exotic species detection, and vegetation analysis should be continued. 
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Table i. Condition and trend of natural resources and resource indicators evaluated for Grand Portage 
National Monument. 

Condition and Trend Natural Resource or Resource Indicator 

 

Condition good,  
improving trend 

Aquatic macroinvertebrates in Grand Portage Creek and Poplar 
Creek 
Organic contaminants in fish ï DDT and metabolites and total PCBs 

 

Condition good, 
uncertain trend 

Land cover 
Impervious surfaces 
Viral Hemorrhagic Septicemia virus (VHSv) 
Didymosphenia geminata (Didymo) 
Water quality of inland waters ï chloride and total nitrogen 
Mercury in game fish ï Grand Portage, Poplar, and Snow Creeks 

 

Condition good, 
stable trend 

Beaver 
Water quality of inland waters ï specific conductance, pH, dissolved 
oxygen, water clarity, alkalinity, and total phosphorus 
Water quality of Grand Portage Bay ï dissolved oxygen and E. coli 
Geomorphology of Grand Portage Bay 

 

Condition of  
moderate concern, 
uncertain trend 

Landscape pattern and structure 
Terrestrial exotic plant species 
Organic contaminants in fish ï PFOS and other PFCs and PBDEs 
Water quality of Grand Portage Bay ï turbidity and total phosphorus 
Mercury in game fish ï Grand Portage Bay 
Organic contaminants in sediments ï Grand Portage Bay 
Hydrology and geomorphology of Grand Portage Creek 
Hydrology of the Pigeon River 

 

Condition of  
moderate concern, 
stable trend 

Road density ï moose and gray wolf 
Air ï ozone, visibility, and wet deposition of total sulfur 
Mercury in soil 

 

Condition of  
moderate concern, 
declining trend 

Southern boreal forest 
Moose 

 

Condition of  
significant concern, 
uncertain trend 

Aquatic non-native and invasive species ï Pigeon River 
Mercury in streams and aquatic organisms other than game fish 
Mercury in game fish ï Pigeon River 

 

Condition of  
significant concern, 
stable trend 

Air ï wet deposition of total nitrogen 
Mercury in precipitation 

 

Condition unknown, 
improving trend 

Coaster brook trout ï Grand Portage Creek and Bay 

 

Condition unknown, 
unknown trend 

Water quality of inland waters ï nitrate and nitrite nitrogen and 
chlorophyll a 
Aquatic non-native and invasive species ï Grand Portage Bay 
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Chapter 1 NRCA Background Information 

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of 

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also 

report on trends in resource condition (when possible), identify critical data gaps, and 

characterize a general level of confidence for study findings. The resources and indicators 

emphasized in a given project depend on the parkôs resource setting, status of resource 

stewardship planning and science in identifying high-priority indicators, and availability of data 

and expertise to assess current conditions for a variety of potential study resources and 

indicators.  

NRCAs represent a relatively new approach to 

assessing and reporting on park resource conditions. 

They are meant to complementðnot replaceð

traditional issue- and threat-based resource 

assessments. As distinguishing characteristics, all 

NRCAs: 

¶ are multi-disciplinary in scope; 
1
 

¶ employ hierarchical indicator frameworks;
2
 

¶ identify or develop reference conditions/values for 

comparison against current conditions;
3
 

¶ emphasize spatial evaluation of conditions and GIS (map) products
4
; 

¶ summarize key findings by park areas;
5
 and 

¶ follow national NRCA guidelines and standards for study design and reporting products.  

 

Although the primary objective of NRCAs is to report on current conditions relative to logical 

forms of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., 

when the underlying data and methods support such reporting), as well as influences on resource 

conditions. These influences may include past activities or conditions that provide a helpful 

                                                 
1
 The breadth of natural resources and number/type of indicators evaluated will vary by park. 

 
2
 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data 

for measures ] conditions for indicators ] condition summaries by broader topics and park areas. 

 
3
 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory 

standards, and can consider other management-specified condition objectives or targets; each study indicator can be 

evaluated against one or more types of logical reference conditions. Reference values can be expressed in qualitative 

to quantitative terms, as a single value or range of values; they represent desirable resource conditions or, 

alternatively, condition states that we wish to avoid or that require a follow-on response (e.g., ecological thresholds 

or management ñtriggersò). 

 
4
 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural 

resources and study indicators through a set of GIS coverages and map products. 

 
5
 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more 

holistic) view and summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by 

park ecosystem/habitat types or watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

Credible condition reporting 

for a subset of important 

park natural resources and 

indicators 

Useful condition summaries 

by broader resource 

categories or topics, and by 

park areas 
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context for understanding current conditions, and/or present-day threats and stressors that are 

best interpreted at park, watershed, or landscape scales (though NRCAs do not report on 

condition status for land areas and natural resources beyond park boundaries). Intensive cause-

and-effect analyses of threats and stressors, and development of detailed treatment options, are 

outside the scope of NRCAs.  

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing 

data and information, NRCAs are not intended to be exhaustive. Their methodology typically 

involves an informal synthesis of scientific data and information from multiple and diverse 

sources. Level of rigor and statistical repeatability will vary by resource or indicator, reflecting 

differences in existing data and knowledge bases across the varied study components.  

The credibility of NRCA results is derived from the data, methods, and reference values used in 

the project work, which are designed to be appropriate for the stated purpose of the project, as 

well as adequately documented. For each study indicator for which current condition or trend is 

reported, we will identify critical data gaps and describe the level of confidence in at least 

qualitative terms. Involvement of park staff and National Park Service (NPS) subject-matter 

experts at critical points during the project timeline is also important. These staff will be asked to 

assist with the selection of study indicators; recommend data sets, methods, and reference 

conditions and values; and 

help provide a multi-

disciplinary review of draft 

study findings and products. 

NRCAs can yield new insights 

about current park resource 

conditions but, in many cases, 

their greatest value may be the 

development of useful 

documentation regarding 

known or suspected resource 

conditions within parks. 

Reporting products can help 

park managers as they think 

about near-term workload 

priorities, frame data and study needs for important park resources, and communicate messages 

about current park resource conditions to various audiences. A successful NRCA delivers 

science-based information that is both credible and has practical uses for a variety of park 

decisionmaking, planning, and partnership activities. 

However, it is important to note that NRCAs do not establish management targets for study 

indicators. That process must occur through park planning and management activities. What an 

NRCA can do is deliver science-based information that will assist park managers in their 

ongoing, long-term efforts to describe and quantify a parkôs desired resource conditions and 

Important NRCA Success Factors 

Obtaining good input from park staff and other NPS 

subject-matter experts at critical points in the 

project timeline  

Using study frameworks that accommodate 

meaningful condition reporting at multiple levels 

(measures ] indicators ] broader resource topics 

and park areas) 

Building credibility by clearly documenting the data 

and methods used, critical data gaps, and level of 

confidence for indicator-level condition findings  
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management targets. In the near term, NRCA findings assist strategic park resource planning
6
 

and help parks to report on government accountability measures.
7
 In addition, although in-depth 

analysis of the effects of climate change on park natural resources is outside the scope of 

NRCAs, the condition analyses and data sets developed for NRCAs will be useful for park-level 

climate-change studies and planning efforts.  

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.
8
 For example, NRCAs can 

provide current condition estimates and help establish reference conditions, or baseline values, 

for some of a parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to 

help evaluate current conditions for those same vital signs. In some cases, I&M  data sets are 

incorporated into NRCA analyses and reporting products.  

Over the next several years, the NPS plans to fund a NRCA project for each of the approximately 

270 parks served by the NPS I&M Program. For more information on the NRCA program, 

visit 57Thttp://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm57T. 

 

                                                 
6
 An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be 

tailored to act as a post-RSS project. 

7
 While accountability reporting measures are subject to change, the spatial and reference-based condition data 

provided by NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the 

NPS, the Department of the Interior, or the Office of Management and Budget.  

 
8
 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to 

assess the condition of park ecosystems and develop a stronger scientific basis for stewardship and management of 

natural resources across the National Park System. ñVital signsò are a subset of physical, chemical, and biological 

elements and processes of park ecosystems that are selected to represent the overall health or condition of park 

resources, known or hypothesized effects of stressors, or elements that have important human values. 

NRCA Reporting Productsé 

 Provide a credible, snapshot-in-time evaluation for a subset of important park 

natural resources and indicators, to help park managers: 

 

Direct limited staff and funding resources to park areas and natural resources that 

represent high need and/or high opportunity situations 

(near-term operational planning and management) 

 

Improve understanding and quantification for desired conditions for the parkôs 

ñfundamentalò and ñother importantò natural resources and values 

(longer-term strategic planning) 

 

Communicate succinct messages regarding current resource conditions to 

government program managers, to Congress, and to the general public  

(ñresource condition statusò reporting)  

http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm
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Chapter 2 Introduction and Resource Setting 

2.1 Introduction 
 
2.1.1 Enabling Legislation 

Grand Portage National Monument (GRPO) was established on September 2, 1958 by an act of 

Congress (P.L. 85-910, 72 Stat. 1751) as a unit of the NPS ñfor the purpose of preserving an area 

containing unique historic valueséò and ñto conserve the scenery and the natural and historic 

objects and the wildlife therein and to provide for the enjoyment of the sameò (Cockrell 1983, 

NPS 2003a). The monument is significant because of its association with the fur trade, the 

exploration and colonization of the Northwest, its historic/geographic link between the United 

States and Canada, and its excellent state of preservation in a semi-wilderness setting (NPS 

2003b). 

GRPO had previously been designated a national historic site in 1951 (Cockrell 1983). Its 

establishment as a national monument depended on the relinquishment of land titles and interests 

within the proposed monument boundaries to the Department of the Interior by the Minnesota 

Chippewa Tribe and the Grand Portage Band of the Minnesota Chippewa Tribe. On January 27, 

1960 the last such relinquishments occurred, allowing for the creation of GRPO as a national 

monument (NPS 2003a). GRPO is the only unit of the NPS to be co-managed through a Tribal 

Self-Governance Act agreement.  

2.1.2 Geographic and Cultural Setting 

GRPO is located on the Lake Superior shoreline in extreme northeastern Minnesota near the 

Canadian border (72TFigure 172T) and bisects the Grand Portage Indian Reservation (hereafter, Grand 

Portage Reservation) of the Grand Portage Band of Lake Superior Chippewa (hereafter, Grand 

Portage Band). The monument protects 287 hectares (ha) of land, including the historic trading 

post of the North West Company on Lake Superiorôs Grand Portage Bay (Figure 2) (28 ha), the 

site of Fort Charlotte on the Pigeon River (41 ha), and a historic canoe portage trail that is 13.6 

kilometer (km) in length and 183 meters (m) in width for much of its length (218 ha) (72TFigure 172T) 

(NPS 2011a). The resources trust zone of GRPO, the focus of this assessment, is 273 ha (94.9%) 

of the monument; other zones include the interpretive historic zone (8.1 ha, 2.8%), the primitive 

trail zone (4.0 ha, 1.4%), the visitor services development zone (2.1 ha, 0.7%), and the recreation 

zone at Fort Charlotte (0.6 ha, 0.2%) (GRPO 2004). 

In the Lakeshore Unit, cultural features of the interpretive historic zone include a Heritage 

(Visitor) Center featuring museum exhibits and films and a stockade with three log buildings ï a 

great hall, kitchen, and canoe warehouse ï where staff dressed in period costumes conduct 

interpretive activities. Outside interpretive areas include an Ojibwe village, a voyageursô 

encampment, a dock, and European kitchen and Ojibwe three sistersô gardens. Also in the 

Lakeshore Unit is the 1.6 km Mount Rose interpretive trail (NPS 2008). Visitors can also hike 

the Grand Portage corridor trail, which traverses rugged terrain covered by southern boreal forest 

(Gafvert 2009). Backcountry camping is permitted along the Pigeon River near the historic site 

of Fort Charlotte at the northern end of the trail (NPS 2008). 

The Grand Portage corridor trail connects Grand Portage Bay, the deepest indentation of the 

Lake Superior shoreline in Minnesota (Schwartz 1928), with the navigable portion of the Pigeon 
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72TFigure 1. Location and features of Grand Portage National Monument (GRPO) in Minnesota 72T.  Locations of Isle Royale National Park (ISRO) and 

Apostle Islands National Lakeshore (APIS) are also shown. 
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Figure 2. The stockade, great hall, and kitchen buildings in the depot area, as seen from the Mount Rose 
trail at Grand Portage National Monument. 

River, and from there, the lakes and streams of the Canadian northwest (Cockrell 1983, 

Woolworth 1993). The voyageurs, French fur traders and trappers, learned of ñLe Grand 

Portage,ò or ñThe Great Carrying Place,ò from Native Americans, various groups of whom had 

used it since prehistoric times (Cockrell 1983). The period between 1783 and 1803 saw the 

heaviest European use at Grand Portage; the North West company built on the Bay a stockade 

which enclosed 16 buildings (Aby 2002), but the post quickly fell into disrepair after it was 

abandoned by the British in 1804 (Cockrell 1983).  

This history of GRPO is very closely linked to its geology as well as its geography. GRPO is 

underlain by two major geologic formations: the ancient argillaceous shales and siltstones of the 

Rove formation of Middle Precambrian age and the harder, fine-grained, intrusive Pigeon River 

diabase of Keweenawan age, which forms dikes that cut across it (Figure 3) (Morey 1969, 

Gafvert 2009). The landforms seen at GRPO today are the result of the last glacial advance, 

roughly 12,000 years ago (Gafvert 2009). Dikes typically appear as prominent, steep-sided 

ridges surrounded by gently rolling to level topography in the valleys. Glacial action scoured 

many high landscape positions to bare rock and filled many low-lying areas (Gafvert 2009). The 

portage trail follows a gap created in the hills by more intense weathering through a fault-

weakened section of ridge, crossing the Rove formation and avoiding the dikes in favor of a 

gentler gradient for foot travel (Figure 4) (Phillips 2003, Gafvert 2009). The bay and surrounding 

lowlands are a result of erosion of the soft shales (Schwartz 1928). 

Two major soil associations make up 73% of GRPO soils: the Portwing-Herbster complex 

(50.6%) and the Cornucopia silt loam (22.4%) (Table 1) (Gafvert 2009). GRPO soils are 

primarily clayey and often mantled with silty to loamy deposits 15 to 25 centimeters (cm) thick 

(Figure 5) (Gafvert 2009). The unconsolidated sediments in which the soils have formed are  
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Figure 3. Upper bedrock geology of the Grand Portage National Monument area  (Miller et al. 2002). 

 

Figure 4. The weathered gap through which the Grand Portage trail passes  (NPS photo).  
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Table 1. Soils of Grand Portage National Monument (Gafvert 2009). 

Map 
Symbol 

Map Unit Name 
Slope 
(%) 

Soil Group Ha % 

388B Pelkie, occasionally flooded,  
Dechamps, frequently flooded, complex 0-4 Alluvial (silty and loamy soils in floodplains) 5.8 2.0 

6A Moquah fine sandy loam, frequently flooded 0-3 1.2 0.4 

7C Beaches 2-12 Beaches 0.7 0.2 

      10C Quetico-Minong-Rock outcrop complex, very stony 1-12 

Bedrock (shallow soils over bedrock) 

10.4 3.6 

11F Quetico-Peshekee-Rock outcrop complex 10-90 8.2 2.8 

11E Quetico-Peshekee-Rock outcrop complex, very stony 12-50 5.3 1.8 

601C Ishpeming-Rock outcrop complex, very stony 5-20 1.2 0.4 

      280F Odanah silt loam 25-60 
Clay (deep clay soils >  150 cm) 

6.8 2.4 

580B Sanborg-Badriver complex 0-6 4.6 1.6 

      480B Portwing-Herbster complex 0-6 

Clay with silts, fine sands > 100 - 150 cm 

146.1 50.6 

481C Cornucopia silt loam 6-15 41.5 14.4 

481E Cornucopia silt loam 15-45 23.0 8.0 

479A Lerch-Herbster complex 0-3 4.3 1.5 

      756B Superior-Sedgwick complex 0-6 
Clay (clay soils with 25 - 60 cm loamy surface) 

6.5 2.3 

756C Superior-Sedgwick complex 6-15 5.5 1.9 

      517B Annalake fine sandy loam, lake terrace 2-6 

Loamy (stratified, loamy materials) 

6.7 2.3 

517C Annalake fine sandy loam, lake terrace 6-15 0.2 0.1 

375A Robago fine sandy loam, lake terrace 0-3 0.2 0.1 

      407A Seelyeville and Markey soils 0-1 
Organic (Organic material, > 40 cm over mineral soil) 

7.6 2.6 

405A Lupton, Cathro, and Tawas soils 0-1 0.5 0.2 

W Water 
 

Water 2.5 0.9 

   
Total 288.9 100.0 
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Figure 5. Soils of Grand Portage National Monument  (Gafvert 2009).
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largely derived from fine-grained bedrock (both basalts and shales) which have been repeatedly 

reworked and deposited during the numerous advances and retreats of glacial ice over the past 

several hundred-thousand years of the Pleistocene era (Gafvert 2009). Along the margin of Lake 

Superior, soils typically consist of silty material in the upper profile and grade into coarser sands 

and gravels with depth. These areas, which are now situated well above lake level, represent the 

Lake Superior shoreline at past higher lake stands (Gafvert 2009).  

GRPO is located in a region of mid-continental climate (hot summers, cold winters), but is 

greatly influenced by its location on Lake Superior, which moderates temperatures, increases 

precipitation, and creates a slight seasonal shift to later summers (GRPO 2004, Route and Elias 

2007). Route and Elias (2007) analyzed NOAA cooperative weather station data for the Pigeon 

River (station 216505, years 1948-1950 and 1951-1980) and Grand Portage (station 213296, 

years 1989-2006). The mean annual temperature at GRPO is 3.6
°
C, with a range of 2.7-5.7

°
C 

(Route and Elias 2007). Seasonal extremes range from -40
°
C to 38

°
C (GRPO 2004). Mean 

annual precipitation is 76.7 cm with a range of 55.4-99.6 cm (Route and Elias 2007). Most 

precipitation falls during summer months, but monthly totals are highly variable (GRPO 2004). 

Mean annual snowfall is 165.1 cm with a range of 76.2-264.2 cm (Route and Elias 2007). GRPO 

staff has observed that more extreme temperatures and generally drier conditions seem to prevail 

in the western portion of the portage trail corridor. The highlands of the Grand Portage area may 

reduce the moderating effect of Lake Superior (GRPO 2004).  

2.1.3 Demographics and Visitation Statistics 

GRPO and the Grand Portage Reservation are located in Cook County, Minnesota, a county in 

which population has generally increased since 1900 and increased markedly from 3,868 in 1990 

to 5,168 in 2000 and 5,176 in 2010 (Forstall 1995, U.S. Census Bureau 2010). Similarly, the 

population of the Reservation increased from 294 in 1980 to 557 in 2000, but then fell to 518 in 

2010 (Figure 6) (Grand Portage Transportation Steering Committee 2003, Grand Portage Band 

2010). 

 

Figure 6. Population of Cook County, Minnesota from 1900 to 2010 and of Grand Portage Reservation 

from 1980 to 2010 (Grand Portage Transportation Steering Committee 2003, Grand Portage Band 2010). 

The number of older adults (60+) in Cook County increased 170% from 1960 to 2000 
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(Arrowhead Area Agency on Aging et al. 2003). In the 2010 Census, 19.6% of Cook Countyôs 

population was over the age of 65, greater than the Minnesota average of 12.7% (U.S. Census 

Bureau 2010). The population of people 60 years or older increased 40% from 1990 to 2000 and 

is projected to increase 71% by 2025 (Arrowhead Area Agency on Aging et al. 2003). By 

contrast, only 16.7% of Cook Countyôs population was under the age of 18 in the 2010 Census, 

less than the Minnesota average of 23.9% (U.S. Census Bureau 2010). In 2000, 61% of Cook 

Countyôs population aged 16 and over was in the labor force. The top industries in the county are 

tourism, education, health and social services, and retail (Arrowhead Area Agency on Aging 

2003). The percent of people living below the poverty level in Cook County is 10.1% (U.S. 

Census Bureau 2010). 

The population growth in Grand Portage accounted for 18% of the total population growth in 

Cook County from 1990 to 2000. The population increase on the reservation is attributed to 

revenue produced by the Grand Portage Lodge and Casino and an increased level of health and 

human services (Grand Portage Transportation Steering Committee 2003). The Lodge, originally 

named the Grand Portage Lodge and Conference Center, was built with federal grants and Band 

money and opened in 1975. It was run in cooperation with the Radisson hotel chain until 1980, 

when the Band assumed full control. In 1990, gaming was added, and the name was changed to 

Grand Portage Lodge and Casino (Gilman 1992). 

Visitation at GRPO has ranged from 27,600 in its first year, 1961, to 113, 996 in 2010, with an 

average of 61,908 visitors per year over this time period (Figure 7) (NPS 2011b). Most visitors 

go to the Heritage Center (Table 2), and a much smaller number take out backcountry permits to 

camp at Fort Charlotte at the end of the Grand Portage corridor trail (NPS 2011b).  

 

Figure 7. Visitors per year at Grand Portage National Monument, 1961 to 2010  (NPS 2011b). 
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Table 2. Visitation at Grand Portage National Monument, 2007 to 2011 (NPS 2011b). 

Year Total 
Visitation 

Heritage Center  
Visitation 

Backcountry 
Permits 

2007 68,856 65,237 99 

2008 77,323 73,120 125 

2009 76,025 73,358 60 

2010 113,996 86,212 210 

*2011 86,837 57,933 143 

*through September only 

 

2.2 Natural Resources 
 
2.2.1 Ecological Units and Watersheds 

GRPO is located entirely within USEPA Level 3 ecoregion 50, Northern Lakes and Forests 

(USEPA 2010). Its northern section is within Level 4 ecoregion 50t, North Shore Highlands, and 

the remainder lies in Level 4 ecoregion 50n, Boundary Lakes and Hills. The former is described 

as ñhills above Lake Superior with many streams draining into lake,ò while the latter is described 

as ñforested hills with thin soils and irregular slopes interspersed with many lakesò (USEPA 

2010).  

The Minnesota Ecological Classification developed by the Minnesota Department of Natural 

Resources (MDNR) and the U.S. Forest Service (USFS) divides Minnesota landscapes into 26 

subsections and classifies GRPO as being partly in the similarly-named Border Lakes subsection 

and partly in the North Shore Highlands subsection (Figure 8). Within the Border Lakes 

subsection, GRPO is in the Swamp River Till Plain Land Type Association (LTA), with thick 

deposits of loamy till and clayey lake sediments on a nearly level to gently rolling bedrock-

controlled landscape (MDNR 2002, White and Host 2003). Within the North Shore Highlands, 

GRPO is in the North Shore Till Plain LTA, which is typified by rolling topography and 

predominantly clayey sediments (MDNR 2002, White and Host 2003). Small areas of the 

Sawtooth Mountain Bedrock Complex LTA are also included in GRPOôs watershed.  

According to the National Vegetation Classification Standard, 92.3% of GRPO (including 

developed areas and water) is in the forest and woodland class, with 74.4% of the forest (68.7% 

of the total land area) in the white spruce (Picea glauca) -balsam fir (Abies balsamea) forest 

group (Hop et al. 2010). Details about GRPOôs southern boreal forest are presented in Chapter 4. 

In the Lakeshore Unit, Great Lakes cobble beach is found along the shore of Grand Portage Bay. 

The mouth of Grand Portage Creek is terraced by speckled alder (Alnus incana), black hawthorn 

(Crataegus douglasii), and willow (Salix spp.) thickets (Hop et al. 2010). On Mount Rose, steep 

areas contain open talus slopes, while somewhat more level, dry slopes have rocky shrubs and 

woodlands. Forests along the Mount Rose Trail consist of white spruce, balsam fir, quaking 

aspen (Populus tremuloides), paper birch (Betula papyrifera), and Jack pine (Pinus banksiana) 

(Hop et al. 2010).  
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Figure 8. Minnesota Ecological Classification Land Type Associations in the vicinity of Grand Portage 
National Monument (MDNR 2002). 

The Grand Portage trail passes through mesic boreal forests dominated by quaking aspen, white 

spruce, balsam fir, and paper birch. Stands of northern white cedar (Thuja occidentalis), although 

uncommon, are more frequent in the western third of the portage corridor. Somewhat shallower 

mesic soils contain stands of eastern white pine (Pinus strobus), with occasional red pine (Pinus 

resinosa) (Hop et al. 2010) 

Lower, flat, poorly drained areas contain lowland hardwood wet swamp forests and are 

dominated by balsam poplar (Populus balsamifera), black ash (Fraxinus nigra), quaking aspen, 

and scattered northern white cedar, balsam fir, and, rarely, black spruce (Picea mariana). Beaver 

activity within some of the small streams forms open wet meadows and marshes. The most 

prominent of these is the extensive beaver meadow located midway between old U.S. Highway 

61 and the site of Fort Charlotte. Hairy sedge (Carex lacustris) dominates this herbaceous wet 

meadow along with other common species including harlequin blueflag (Iris versicolor), 

bluejoint (Calamagrostis canadensis), woolgrass (Scirpus cyperinus), upright sedge (Carex 

stricta), and cattail (Typha spp.) (Hop et al. 2010).  

The vegetation of GRPO along the Pigeon River near the site of Fort Charlotte is different from 

that in other areas of the park. Floodplain forests are dominated by black ash like the wet swamp 

forests more interior, but are here joined by green ash (Fraxinus pennsylvanica) and American 

elm (Ulmus americana) along with other boreal conifers and hardwoods (Hop et al. 2010).The 

rocky landscape surrounding the campsite location consists of a dry-mesic white pine-red pine 
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forest with a very open understory dominated by rocky outcrops and blueberries (Vaccinium 

angustifolium and V. myrtilloides). 

GRPO is located entirely within the northwestern Lake Superior watershed (United States 

Geological Survey [USGS] Hydrologic Unit Code [HUC] 040101), in the Baptism-Brule sub 

watershed (HUC 04010101) (Seaber et al. 1987). We have divided GRPO into three major 

watersheds using the watershed tool in ArcGIS (Figure 9): Grand Portage Creek, Poplar Creek, 

and the Pigeon River watershed north of Poplar Creek, including Snow Creek (hereafter, Upper 

Pigeon River). These are closely aligned with MDNR watersheds (Grand Portage Creek, 100500; 

Poplar Creek, 100400; and Upper Pigeon River, 111500).  

 

Figure 9. Watersheds within Grand Portage National Monument. 

2.2.2 Resource Descriptions 

GRPO is listed in its entirety on the National Register of Historic Places, and all 287 ha are listed 

as part of a historic district. GRPO is designated as a Class II airshed (Route and Elias 2007).  

GRPO is within the range of the federal designated threatened Canada lynx (Lynx canadensis) 

(GRPO 2004). The formerly-listed bald eagle (Haliaeetus leucocephalus) was delisted on August 

9, 2007 (http://www.fws.gov/midwest/eagle/). GRPO has 286.4 ha designated as critical habitat 

(Brian et al. 2011) for the formerly-listed gray wolf (Canus lupus), which was delisted on 

December 28, 2011 (57Thttp://www.fws.gov/midwest/wolf/57T).   

http://www.fws.gov/midwest/wolf/
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State-listed fauna confirmed as present in GRPO are the threatened peregrine falcon (Falco 

peregrinus), common tern (Sterna hirundo), and horned grebe (Podiceps auritus). The bald 

eagle, gray wolf, northern long-eared bat (Myotis septentrionalis), least weasel (Mustela nivalis), 

and a caddisfly (Asynarchus rossi), state species of special concern, are also present (NPS 

2011c). The MDNR also lists the mountain lion (Felis concolor) as a species of special concern 

that may occur in GRPO (GRPO 2004). Coaster brook trout (Salvelinus fontinalis), a species that 

was nearly extirpated from Lake Superior, are also found in GRPO; they enter the mouth of 

Grand Portage Creek for spawning (Route and Elias 2007). 

No federal listed threatened or endangered plant species are found in GRPO, but the park has one 

confirmed state-endangered vascular plant, the auricled twayblade (Listera auriculata), as well 

as four state-threatened plants and 11 state plant species of special concern (Appendix B) (NPS 

2011c). Most rare plants in GRPO are primarily restricted to small, rocky, steeply sloping sites 

on Mount Rose or in the wetland habitat of beaver ponds along the trail corridor (NPS 2003a). In 

addition, a state-endangered lichen (Parmelia stictica), which occurs on rock along the Lake 

Superior shoreline, has been reported for GRPO (NPS 2003a). Many other state-listed plant and 

animal species are listed as being probably present or unconfirmed for GRPO.  

2.2.3 Resource Issues Overview 

In its Long-term Ecological Monitoring Plan, the NPS Great Lakes Network Inventory and 

Monitoring Program (GLKN) has identified the primary threats to GRPO. These are the 

difficulty of managing a narrow corridor of habitat; entrenched populations of exotic plants, 

perhaps introduced more than 200 years ago; logging and other human uses on adjacent lands, 

and airborne pollutants (Route and Elias 2007).  

The ecological systems considered very important at GRPO are soil genesis and edaphology, 

forest succession and disturbance regimes, watershed functioning and stream evolution, and the 

functioning food web of the ecological community. Important stressors of these systems are 

aerial and other non-point sources of contaminants and their environmental fate (nitrogen and 

mercury, for example), introductions of exotic species, anthropogenic generation of invasive 

species (not necessarily exotic), compounding environmental complexes (moose decline and 

birch die-back, for example), climate change, altered fire regime, and development. Many of 

these systems are outside the control of GRPO. Important endeavors at GRPO include education 

and advocacy to promote changes in human behavior, continued support of the GLKN efforts, 

follow-up analysis on baseline lichen flora and associated airborne contaminants, watershed 

assessment, forest disturbance management (in the style of Malcolm Hunter, which alternates 

necessary means to arrive at the same disturbance-oriented end), soil and water contaminant 

monitoring, land cover/land use change (especially in watersheds), translation of climate change 

models to the southern boreal region, and more (Brandon Seitz, GRPO, 12/12/11, email). 

Of particular concern is the potential for exotic and/or invasive introductions of species. 

Horticultural variants such as reed canary grass have already invaded riparian corridors. Robust 

and vigorous horticultural selections of sweetgrass from Ohio roadsides are propagated en masse 

for retail distribution and threaten to directly invade or otherwise hybridize with the local 

phenotype that is much less robust, asexually less vigorous, but sexually much more fertile. 

Climate change-exacerbated invasives, such as poison ivy and red maple, are expanding ranges 

and increasing in abundance, threatening to occupy new ecological niches. Genetically modified 
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organisms such as trembling aspen have the potential to directly invade and/or hybridize with 

local genotypes influencing native tree population dynamics (Brandon Seitz, GRPO, 3/5/13, 

email). 

A more detailed look at resource management for GRPO in the context of management 

directives is included in section 2.3.1.  

46TClimate Change  

Although as noted in chapter 1, climate change is not a primary focus of NRCAs such as this, the 

large predicted impacts make it necessary to address this topic at least briefly. A 2011 report 

titled ñGreat Lakes National Parks in Peril: The Threats of Climate Disruptionò (Saunders et al. 

2011) describes predicted changes in climate and their effects on ecosystems, wildlife, visitor 

enjoyment, and cultural resources. Among its findings for GRPO are the spread of ticks that 

carry Lyme disease into GRPO for the first time; the bleak outlook for moose (Alces alces), 

which are important to visitors as well as the local Ojibwe people; the potential loss of habitat for 

Canada lynx; and the impact of severe Lake Superior storms on park infrastructure and cultural 

resources. 

Global air temperatures increased 0.74 ± 0.18
°
C from 1906-2005, mostly attributable to human 

activities (IPCC 2007). In addition to creating this general warming, climate change also likely 

contributes to rises in sea level; changes in wind patterns and extra-tropical storm tracks; 

increased temperatures on extreme hot nights, cold nights, and cold days; increased risk of heat 

waves; increased area affected by drought; and greater frequency of heavy precipitation events 

(IPCC 2007). Signs that climate change is already occurring in the Great Lakes region include 

increases in average annual temperatures, more frequent severe rainstorms, shorter winters, and 

decreases in the duration of lake ice cover. By the end of the 21
st
 century, winter and summer 

temperatures in Minnesota may increase 3-6
°
C and 4-9

°
C, respectively (Kling et al. 2003). 

Saunders et al. (2011) projected that under a medium-high emissions scenario, the average 

summer temperature at nearby ISRO would increase 2.6
°
C over todayôs summer temperatures by 

2040. Annual average precipitation may not change much, but may increase in winter and 

decrease in summer to the point where soil moisture declines and more droughts occur. The 

frequency of heavy rainstorms could increase 50-100% (Kling et al. 2003).  

Significant uncertainty accompanies most predictions related to global climate change, not only 

in the magnitude of changes in physical parameters, but also in their ecologic implications. The 

uncertainty, though, is not in the general trend, but rather in how large the changes will be, the 

rate at which they occur, and the net effect of all of the indirect and interactive effects. A wide 

variety of ecologic processes (Aber et al. 2001) and species-specific responses (Walther et al. 

2002, McKenney et al. 2007) have been, or will be, affected. An additional source of uncertainty 

is that average climate changes may not be key. The fluctuation in temperature among seasons, 

the extremes that occur, the timing of certain phenomena, and the duration of a condition could 

all have more of an impact than the average condition (Morris et al. 2008).  

All predictions of future climate are based on one of several General Circulation Models (GCM), 

which vary in their predictions for the 21
st
 century. Predictions of the ecologic impacts of climate 

change are achieved by taking the predictions of a GCM and plugging them into one or more 

other models (see Hansen et al. [2001] and Aber et al. [2001] for the common models used in 
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this way). These, as well as the GCM models, are simplifications of reality and are based on a set 

of assumptions, creating further uncertainty in the predictions. Furthermore, there is not a single 

model that can even begin to predict the full range of phenomena that are likely to be affected, 

their interactions, and the net outcome. Thus, all models focus on a few of the changes and 

ignore the others. For example, we have limited capacities to predict what biotic disturbances are 

likely to influence a community if the average temperature increases by 3 or 4
o 
C, or where ice 

storms are going to be most frequent (Dale et al. 2001). The predictions of models apply to a 

finite scale, and the majority of ecologic models project for a smaller spatial scale than the 

GCMs. To make these mesh, either the GCM predictions have to be interpolated or the ecologic 

model extrapolated, creating yet another source of uncertainty. 

More detailed discussions of climate change are included in the context of stressors to resources 

assessed in Chapter 4. 

2.3 Resource Stewardship 
 
2.3.1 Management Directives and Planning Guidance 

This section of the NRCA was written with Brandon Seitz as the lead author as a statement of the 

park perspective on natural resource management. 

As stated in NPS policy 4.2 (2006): 

 

The Service will encourage appropriately reviewed natural resource studies whenever 

such studies are consistent with applicable laws and policies. These studies support the 

NPS mission by providing the Service, the scientific community, and the public with an 

understanding of park resources, processes, values, and uses that will be cumulative and 

constantly refined. This approach will provide a scientific and scholarly basis for park 

planning, development, operations, management, education, and interpretive activities. 

 

As such, an assessment of park-specific natural resource conditions and values must hinge upon 

the laws established by Congress to govern NPS units (Appendix C). The authority for 

interpreting and implementing these laws is exercised by NPS through the development of 

management policies. Management policy formalizes guidance in such a way as to make 

possible refinement of park-specific management goals and target values as described in park 

planning documents.   

Park planning helps define the set of resource conditions, visitor experiences, and 

management actions that, taken as a whole, will best achieve the mandate to preserve 

resources unimpaired for the enjoyment of present and future generations. NPS planning 

processes will flow from broad-scale general management planning through 

progressively more specific strategic planning, implementation planning, and annual 

performance planning and reporting, all of which will be grounded in foundation 

statements (NPS Policy, Chapter 2, 2006). 

 

The General Management Planning process now begins with the development of foundation 

statements that are based on the parkôs enabling legislation or presidential proclamation and that 

document the park purpose, significance, fundamental resources and values, and primary 
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interpretive themes (NPS 2006, Policy 2.2). Fundamental resources and values are systems, 

processes, features, visitor experiences, stories, and scenes that deserve primary consideration in 

planning and management because they are critical to maintaining the parkôs purpose and 

significance. As GRPOôs current General Management Plan predates the policy for inclusion of 

foundation statements, no such fundamental resources and values have yet been described. 

However, for the purposes of this document, provisional fundamental resources and values are 

offered to provide guidance to the NRCA. When general management planning efforts are 

updated at GRPO, these provisional, fundamental resources and values may or may not be 

maintained when the foundation statements are formally described and vetted.   

For GRPO, fundamental natural resources are those that 1) have some positive effect on the 

visitor experience, 2) are important to the historic scene, and 3) contribute to a visitor's 

understanding of the period of significance. Importantly, the historic scene is managed under the 

umbrella of the Organic Act. Therefore, rather than provide for interpretation an 18
th
 century 

landscape depleted of its principal commodities (wood and mammals), the visitor is provided a 

stark comparison; an environment replete with that which suffered the most from 

commoditization and overutilization. At the historic depot, interpreters focus on natural 

resources as material commodities in order to interpret the period of significance. They interpret 

extrinsic values imposed upon natural resources by 18th century capitalism. As visitors leave the 

depot, the landscape that surrounds the trail presents for the visitor's own interpretation the 

intrinsic, ecological values of those same resources. The visitorsô experience and understanding 

are two important fundamental values for GRPO. The natural resources that significantly 

contribute to these values are beaver populations and associated habitats, the southern boreal 

forest, and the Pigeon River. Descriptions of the importance of these resources and stressors 

affecting them are shown in Table 3 and Table 4. 

Southern Boreal Forest  

The condition of the current southern boreal forest of the Western Lake Superior basin is 

complex and potentially dynamic due to the interactions of fire, wind, insect and disease 

outbreaks, exotic/invasive species, and Lake Superior climatological influences. Since 

approximately 1800, there have been significant human influences in the region, and the 

anthropogenic impacts will probably increase throughout the 21st century. Extensive, severe 

disturbance during the latter half of the 19th century significantly altered this landscape. The 

abundances of many tree species were affected, including large reductions in the prevalence of 

eastern white pine, eastern larch (Larix laricina) (known hereafter by its other common name, 

tamarack), and northern white cedar. These three tree species are not regenerating well today, 

and thus it is not likely they will rebound in the near future. It is probable that the abundance and 

composition of other groups of organisms (e.g., invertebrates and fungi) closely linked to these 

species have been affected. White pine blister rust also inhibits succession of white pine. The 

alternations also include a simplification of the structural complexity of the landscape. This is 

evidenced by the limited amount of old-growth forest in the area. Critical ecological processes of 

the forest must be managed in order to reclaim, or where appropriate maintain, ñbest attainableò 

or ñminimally disturbedò conditions as defined by Stoddard et al. (2006). 
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Beaver Populations and Associated Habitats 

The wetlands constructed by beaver are a very dynamic habitat critical to numerous ecosystem 

processes and services. Their current spatial distribution upon the landscape is arguably natural, 

as they are as clear an outcome of an early- to mid-successional riparian forest as can be found.  
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comparative matrix with their corresponding ecosystem services and supporting ecological processes. 
General management plan updates may or may not include these as fundamental resources. 

Fundamental 
Resources 

Ecosystem Services and Values Critical Ecological 
Processes 

Beaver Populations 
and Associated 
Habitats 

Interpretation 
Sediment Retention 
Delayed Water Flow Upstream 
Riparian Habitat 
Wetland Habitat 
Aquatic Habitat 
Pollutant Removal through Sediment 
Capture  
Water Temperature Regulation 
Aesthetic Value 
Habitat for Listed Species 
Flood Resilience 
Habitat Critical to Ecological Processes 
    

Hydrological Processes 
Disturbance Regime 
Nutrient Cycling 
Biotic Interactions 
Population Dynamics 
Evolutionary Pressure 
 

Southern Boreal 
Forest  

Interpretation 
Conifer Thermal Cover 
Watershed Function 
Forest Habitat 
Water Temperature Regulation 
Aesthetic Value 
Habitat for Listed Species 
Flood Peak Attenuation 
Carbon Sequestration 
Habitat Critical to Ecological Processes 
 

Hydrological Processes 
Natural Disturbance 
Nutrient Cycling 
Biotic Interactions 
Population Dynamics 
Evolutionary Pressure 
Structural Complexity 
Genetic Diversity 

Pigeon River High Value Visitor Experience 
Travel Corridor to/from BWCAW 
Wilderness 
Aesthetic Value 
Interpretation 
  

Hydrological Processes 
Natural Disturbance 
Nutrient Cycling 
Biotic Interactions 
 

 

Pigeon River 

The Pigeon River is the principal conveyance from the Boundary Waters Canoe Area Wilderness 

(BWCAW) lake country to Lake Superior. It is responsible for the location of the Grand Portage 

and is necessary for a visitor experience that includes retracing canoe routes of 18
th
 century 

voyageurs to GRPO. At this time, NPS has very limited influence over the preservation of the 

Pigeon River. It is currently managed by such various mandates as are enacted by departments of 

the State of Minnesota, Province of Ontario, Canadian Federal Government, United States 

Federal Government, and the Grand Portage Band. These parties currently present to the visitor a 

dissonant array of land management from South Fowl Lake to the site of Fort Charlotte. Any 



 

21 

 

natural resource condition assessment of the Pigeon River will have to be offered in the context 

of very limited NPS management influence over what is now an incohesive network of land 

management bound by a shared riparian corridor. 

 
Table 4. Stressors of provisional fundamental resources in Grand Portage National Monument. 

Stressor Resource 

 Southern 
Boreal Forest 

Beaver 
Population 
and  
Associated 
Habitats 

Pigeon 
River 

Nutrient deposition X X X 
Climate and hydrological change X X X 
Sediment deposition  X X 
Air pollution X X X 
Water pollution  X  
Development   X 
Homogenization of forest stand diversity ï increased gap 
phase succession 

X  X 

Decreased stand-replacing disturbances X X  
Accelerated soil development and modified nutrient cycles 
caused by earthworms 

X   

Low forest stand diversity stress on biotic interactions, genetic 
diversity, and structural complexities such as coarse woody 
debris, snags, and ecotones 

X  X 

Anthropogenically impaired disturbance regimes of insects, 
fire, and disease  

X X X 

Interrupted ecological processes caused by exotic/invasive 
organisms 

X X X 

Anthropogenically impaired population dynamics  X  
Land cover or land use changes in the riparian corridor and/or 
watershed 

  X 

 
2.3.2 Status of Supporting Science 

GRPO is one of nine National Park units in the Great Lakes Inventory and Monitoring Network 

(GLKN), one of 32 similar networks across the United States and part of the NPS strategy to 

improve park management through greater reliance on scientific information. The purpose of the 

inventory and monitoring (I&M) program is to design and implement long-term ecological 

monitoring and provide results to park managers, science partners, and the public. The intent is 

to provide periodic assessments of critical resources, to evaluate the integrity of park ecosystems, 

and to better understand ecosystem processes. 

Specific GLKN goals (57Thttp://science.nature.nps.gov/im/units/glkn/index.cfm57T) are:   

1. Determine the status of and trends in selected indicators of park ecosystems that allow 

managers to make better-informed decisions and to work more effectively with other 

agencies and individuals for the benefit of park resources. 

2. Provide early warning of abnormal conditions of selected resources to help develop 

effective mitigation measures and reduce costs of management.  

http://science.nature.nps.gov/im/units/glkn/index.cfm
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3. Provide data to better understand the dynamic nature and condition of park ecosystems 

and to provide reference points for comparisons with other, altered environments.  

4. Provide data to meet certain legal and Congressional mandates related to natural resource 

protection and visitor enjoyment. 

5. Provide a means of measuring progress towards performance goals. 

In 2007, GLKN completed its long-term ecological monitoring plan (Route and Elias 2007) 

which included a list of Vital Signs (select indicators that represent the health of natural 

resources in the nine parks) (Table 5). From these Vital Signs, GLKN selected eight focal 

indicators: Climate, Inland Lakes Water Quality, Large Rivers Water Quality, Diatoms, 

Terrestrial Plants, Amphibians, Land Birds, Persistent Contaminants, and Land Cover and Land 

Use. Monitoring protocols have been developed for all these except Climate; that protocol is in 

development. 

Current GLKN activities for GRPO are in the areas that have monitoring protocols. A report was 

provided by Ulf Gafvert of the GLKN (email, October 14, 2011), who was designated as the 

contact person for this report; it is summarized below (Table 6).  
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Table 5. Vital Signs for the Great Lakes Network Inventory and Monitoring Program (Route and Elias 
2007). 
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Table 6. Activities of the Great Lakes Inventory and Monitoring Network at Grand Portage National 
Monument, fall 2011. 

 
Water Quality: GLKN is not currently conducting water quality sampling at GRPO, but has provided 
equipment for the park to monitor flow on Grand Portage Creek. GRPO has been collecting water 
temperature data on Grand Portage Creek since the early 1990s. The Grand Portage Band collects water 
quality data on the Pigeon River and Grand Portage Creek and shares that data with the park. GLKN is 
working on a wadeable streams protocol and plans to implement that program at GRPO once completed. 
The Large Rivers Water Quality monitoring protocol is not applicable at GRPO. Contact: Joan Elias, 
Aquatic Ecologist, GLKN or Brandon Seitz, GRPO. 

Diatoms: Sediment cores were recently taken by staff at the Saint Croix Watershed Research Station 
from two locations on adjacent tribal lands and one in the beaver meadow on park land. Data from the 
samples on tribal lands have been analyzed and a report completed. The beaver meadow samples have 
not yet been analyzed for diatom communities. Contact:  Joan Elias, Aquatic Ecologist, GLKN. 

(Note: Diatoms were not included in the original list of Vital Signs for GRPO). 

Vegetation: Forest vegetation is monitored at each park on a six year return interval, with 2007 being the 
first year that monitoring was implemented at GRPO. The field crew established 20 permanent, long term 
sampling sites, with the first revisit scheduled for 2013. Contact: Suzanne Sanders, Terrestrial Ecologist, 
GLKN. 

Landbirds: GLKN recently published a Landbirds monitoring protocol. Three years ago, GLKN assisted 
GRPO in implementing the protocol by funding a researcher to conduct the bird monitoring at the park, 
which typically occurs in June. Brandon Seitz, Natural Resource Specialist at GRPO, coordinates the 
program. Contact: Ted Gostomski, Biologist, GLKN. 

Persistent Contaminants: GLKN is funding work on measuring mercury levels in water, sediments, and 
dragonfly larvae in 2010 and 2011, with plans for further study in 2012. Some sampling of fish 
communities has been completed on a wider array of contaminants, but with few detects due to only fish 
fillets collected. Sampling of whole fish will be attempted again in 2012. Contact: Bill Route, Ecologist, 
GLKN. 

Land Use/Land Cover: High resolution imagery (aerial photography) is used to confirm natural or human 
related disturbances that are identified using techniques in remote sensing to analyze a dense time-stack 
of moderate resolution satellite imagery (Landsat). This analysis is being conducted for each park in the 
Great Lakes I&M Network on a six-year rotation, with work scheduled at GRPO in 2013 and 2014. The 
Network is also developing a trail monitoring program, with initial field studies to be conducted October, 
2011 and protocol draft anticipated in 2012. Contact: Ulf Gafvert, GIS Specialist, GLKN. 
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Chapter 3 Study Scoping and Design 

3.1 Preliminary Scoping 
A scoping meeting of GRPO staff and University of Wisconsin ï Stevens Point (UWSP) 

researchers was held at GRPO on July 7, 2011. Topics discussed included the purpose of the 

NRCA; the historic and cultural significance of GRPO and the relationship of its cultural 

resources to its natural resources; and the unique relationship of GRPO to the Grand Portage 

Band, including their co-management of certain resources. A preliminary discussion of natural 

resources conditions, issues, and stressors was also conducted at this time. Staff provided names 

and citations for researchers conducting work at GRPO and a spreadsheet listing publications, 

data sets, and geospatial data resources collected in the NPS Integrated Resource Management 

Applications (IRMA) web portal. UWSP researchers also had the opportunity to browse the 

GRPO library collection of natural resource-related reports. Finally, GRPO staff provided a 

guided tour of the significant natural resources of the park.  

 

During the summer and fall of 2011, NPS documents outlining the purpose and limitations of the 

NRCA process were shared, and park staff answered questions about their specific needs as well 

as management and planning directives that would influence the NRCA. A conference call 

between GRPO staff and UWSP researchers was held on December 19, 2011 to discuss progress, 

firm up the list of resources to be evaluated, and discuss available data resources.  
 

The following questions were answered by GRPO managers during the scoping process: 

In what ways is the NRCA expected to aid GRPO resource managers 

¶ Compare the parkôs present application of science to management with knowledge gained 
through literature review and the investigatorsô expertise to show potential areas of 

improvement and growth in the parkôs natural resource management program. 

¶ Reveal both park-centered and partnership-centered possible future management 

endeavors. Park-centered activities should speak to the parkôs fundamental values and the 

natural resources that support them. Activities with the Band may accomplish both 

mutual and disparate goals and objectives. 

What specific project expectations and outcomes does GRPO have for the NRCA process? 

¶ Consolidating, summarizing, and spatially displaying key data for the purpose of 

describing, managing, and interpreting those natural resources and associated ecological 

systems that contribute to GRPOôs fundamental values. 

¶ Defining, delineating, and describing the characteristics of reference conditions through 

the language of scientific inventory and monitoring. This is critical to the management of 

natural resources and processes that contribute to GRPOôs fundamental values. 

¶ Identifying ñmanagement criticalò data; those that would reveal whether or not we have 
resources or processes within our 287 ha that are impaired or are on a trajectory to be 

considered so, keeping the Organic Act paramount. 
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¶ Describing the relationship between anthropogenic stressors and the natural resources and 

processes that contribute to GRPOôs fundamental values, both within and outside the 

park.  

What specific natural resources will be assessed in detail in Chapter 4 of this report? 

The response to this question became the basis for section 2.3.1 of this report  

3.2 Study Design 
3.2.1 Indicator Framework, Focal Study Resources and Indicators 

The GRPO NRCA uses the six-category assessment and reporting framework developed by the 

U.S. Environmental Protection Agency Science Advisory Board (EPAïSAB) (USEPA 2002). 

The top reporting categories in this framework are landscape condition; biotic condition; 

chemical and physical characteristics of water, air, soil, and sediment; ecological processes; 

hydrology and geomorphology; and natural disturbance regimes. It was chosen because it was 

developed to build on the strengths of several of the alternative frameworks (such as the Heinz 

Center or National Research Council frameworks) and the key natural resources for GRPO fit 

well into its categories, with emphasis on ecological processes and natural disturbance regimes. 

3.2.2 Reference Conditions and Trends 

Reference conditions (sometimes called benchmarks, standards, trends, thresholds, desired future 

conditions, or norms) give a point of reference to which to compare a measurement or statement 

about an indicator (USFS 2004). A large body of literature has been developed around the 

development and interpretation of reference conditions. All NRCAs are required to define and 

apply reference conditions, but NPS has adopted a ñpragmatic approachò that requires only that 

NRCAs apply ñlogical and clearly documented forms of reference conditions and valuesò 

(57Thttp://www.nature.nps.gov/water/nrca/conditionsandvalues.cfm57T).  

Stoddard et al. (2006) has suggested that reference conditions fall into four categories, which 

they name ñhistoric condition,ò ñminimally disturbed condition,ò ñleast disturbed condition,ò and 

ñbest attainable condition.ò We have attempted, where possible, to apply this reference condition 

scheme as follows: 

ñHistoric condition,ò in our judgment, is the condition of GRPO before European settlement. It 

assumes the absence of contaminants known to be primarily anthropogenic in origin or the 

presence of naturally sustainable populations of organisms. 

ñMinimally disturbed conditionò is defined by Stoddard et al. (2006) as ñthe condition of 

systems in the absence of significant human disturbanceò and we apply this definition. 

ñLeast disturbed conditionò is defined by Stoddard et al. (2006) as ñthe best of todayôs existing 

conditions.ò We apply this reference condition in conjunction with regulatory standards or peer-

reviewed guidelines; resources with levels of contaminants that do not exceed standards are 

deemed to be in ñleast disturbed condition.ò 

 ñBest attainable conditionò is defined by Stoddard et al. (2006) as ñthe condition that todayôs 

sites might achieve if they were better managed.ò  

http://www.nature.nps.gov/water/nrca/conditionsandvalues.cfm
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We use professional judgment to assess the trend of resource conditions, using statistical 

methods where appropriate data are available, but many GRPO resources do not have consistent 

measurements or assessments that occur at the same sites and use the same methods over time. 

We also use professional judgment to give a confidence ranking of good or fair to our 

assessments; these are based on the amount of data, the age of the data, and the proximity of the 

sampling locations to GRPO. Symbols were developed to provide a graphic representation of the 

status and trend of resources (Table 7).  

Table 7. Symbols used to indicate resource condition and trend. 

 

good condition, 

improving trend 

 

good condition, stable 

trend 

 

good condition, 

uncertain trend 

 

good condition, 

declining trend 

 

condition of moderate 

concern, improving 

trend 

 

condition of moderate 

concern, stable trend 

 

condition of moderate 

concern, uncertain 

trend 

 

condition of moderate 

concern, declining 

trend 

 

condition of 

significant concern, 

improving trend 

  

condition of 

significant concern, 

stable trend 

 

condition of 

significant concern, 

uncertain trend 

 

condition of 

significant concern, 

declining trend 

 

condition unknown, 

improving trend 

 

condition unknown, 

stable trend 

 

condition unknown, 

unknown trend 

 

condition unknown, 

declining trend 

 

example of a land symbol; green oval indicates 

land-based resource and has the name of the 

resource in white letters. Green circle and 

arrow indicate good condition and improving 

trend 

 

example of a water symbol; blue oval indicates 

water-based resource and has the name of the 

resource in white letters. Yellow circle 

indicates condition of moderate concern and 

gray question mark indicates uncertain trend 
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3.2.3 Reporting Areas 

The focus of this report was the natural resource condition of the Resource Trust Zone, including 

the Lakeshore Unit, Fort Charlotte, and the Grand Portage corridor trail. Evaluation of condition 

sometimes required evaluation of conditions at other scales, such as the three watersheds through 

which the corridor passes, or Reservation lands adjacent to the trail. Particular emphasis was also 

placed on the condition of Grand Portage Creek and its watershed. Although not within GRPO, 

the condition of Grand Portage Bay was evaluated because of its interaction with the historic 

Depot area.  

3.2.4 General Approach and Methods 

As noted in Chapter 1, the primary objective of the GRPO NRCA is to report on current natural 

resource conditions relative to logical forms of reference conditions and values. Emphasis was 

placed on gathering existing natural resource data about GRPO. NPS inventory and monitoring 

reports and plans, management plans, and study reports by independent researchers were 

provided by GRPO and GLKN staff and taken from the GRPO, GLKN, and other NPS websites, 

including the IRMA web portal. 

Data at larger scales were also collected. For example, the MDNR has produced watershed 

health assessment scores for Minnesota watersheds, and the USEPA has water quality data for 

Lake Superior. Many such data and agency reports fall into the category of grey literature. 

Agency staff in relevant programs was contacted when clarification or documentation was 

needed. Past and current peer-reviewed journals were also extensively reviewed to obtain general 

background information and appropriate data for reference conditions. Extensive gathering and 

analysis of spatial data was conducted to create maps and summary statistics used to evaluate 

conditions and compare GRPO natural resources to those of surrounding areas. 

A scoping meeting and park tour was held at GRPO on July 7, 2011 with the UWSP NRCA 

development team and the GRPO superintendent and resource managers. Conference calls to 

discuss the project outline and data collection were held December 19, 2011 and March 22, 

2012. The report was reviewed by GRPO resource managers, GLKN subject matter experts, and 

Grand Portage Band resource managers before being submitted to NPS for final approval and 

publication. 
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Chapter 4 Natural Resource Conditions 

4.1 Landscape Condition 
The EPA-SAB framework defines a landscape as ña mosaic of interacting ecosystems or habitat 

patchesò and emphasizes the potential effects of changes in patch size, number, or connectivity 

on both biotic and abiotic processes. The framework recommends consideration of landscape 

extent, composition, and pattern and structure with metrics such as perimeter to area ratio, 

number of habitat types, and longitudinal and lateral connectivity. It identifies managing 

landscapes, not just individual habitat types, as an important element in insuring the maintenance 

of native plant and animal diversity (USEPA 2002). Topics considered in this NRCA under 

Landscape Condition are land cover, perimeter to area ratio, forest morphology, forest density, 

and road density. 

4.1.1 Land Cover 

Description 

The GLKN has identified land use and land cover at the coarse scale as a key Vital Sign across a 

wide range of ecosystems (ranked 6
th
 of 46 with a score of 3.8 out of 5) (Route and Elias 2007). 

Within the GRPO corridor, the largest land cover class in 2006 was evergreen forest (122 ha, 

42.6%), followed by mixed forest (54.4 ha, 19.0%), scrub-shrub (45.5 ha, 15.9%), and deciduous 

forest (41.2 ha, 14.4%). Similarly, in the three watersheds through which the Portage Trail 

passes, the largest land cover classes in 2006 were evergreen forest (1,938 ha, 33.9%), deciduous 

forest (1,035 ha, 18.1%), scrub-shrub (970 ha, 17.0%), and mixed forest (909 ha, 15.9%). Land 

cover classes, excluding ódevelopedô ones, without appreciable canopy cover total approximately 

20% of the GRPO watershed (Table 8). 

Data and Methods 

Land cover data and change data were obtained for 1996, 2001, and 2006 from the National 

Oceanic and Atmospheric Administration (NOAA) Coastal Change Analysis Program (C-CAP) 

Regional Land Cover Database (NPS 2010a). 

Reference Condition 

Land cover should be stable within the GRPO watershed for the five-year time increments 

measured by the C-CAP program data. This represents a ñleast disturbed conditionò or ñthe best 

of todayôs existing conditionsò (Stoddard et al. 2006). 

Condition and Trend 

Land cover appears to be stable in GRPO and its watershed; we 

rate its condition as good, with insufficient data to assess a 

trend, and our confidence in this assessment is fair. Changes in 

land cover within GRPO itself were minor between 1996 and 2006, with approximately 1.1 ha 

added to the developed category and 0.8 ha of wetlands lost (Table 8); however, the C-CAP 

documentation cautions against making interpretations of small-scale changes without a detailed 

site investigation. Within the larger GRPO watershed, 2.4 ha went from undeveloped to 

developed land from 1996-2006. The GLKN is planning to use aerial photos to make a more in-

depth assessment of human-induced or natural changes detected by Landsat imagery; work for 

GRPO is scheduled for 2013 and 2014 (see Section 2.3.2). 
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Table 8. Land cover classes for Grand Portage National Monument and its watershed in 1996, 2001, and 
2006 (NPS 2010a). 

Land Cover Class 1996 
Hectares 

2001 
Hectares 

2006 
Hectares 

% of total 
2006 

 Park 
Developed Medium Intensity 0.7 0.8 0.8 0.3% 
Developed Low Intensity 2.1 3.1 3.1 1.1% 
Pasture/Hay 0.8 0.8 0.8 0.3% 
Grassland/Herbaceous 0.7 0.0 0.0 0% 
Deciduous Forest 39.5 41.2 41.2 14.4% 
Evergreen Forest 121.9 122.2 122.2 42.6% 
Mixed Forest 54.3 54.4 54.4 19.0% 
Scrub/Shrub 48.0 45.5 45.5 15.9% 
Palustrine Forested Wetland 10.5 11.1 11.1 3.9% 
Palustrine Scrub/Shrub Wetland 2.5 2.0 2.0 0.7% 
Palustrine Emergent Wetland (Persistent) 2.1 1.8 1.8 0.6% 
Open Water 3.6 3.7 3.7 1.3% 

Total 286.7    
     
 Grand Portage Creek Watershed  

(including Park) 
Developed High Intensity 0.6 0.7 0.7 <0.1% 
Developed Medium Intensity 5.2 5.6 5.6 0.3% 
Developed Low Intensity 9.8 10.6 10.6 0.6% 
Developed Open Space 0.5 0.5 0.5 <0.1% 
Cultivated Crops 0.2 0.2 0.2 <0.1% 
Pasture/Hay 3.5 3.5 3.5 0.2% 
Grassland/Herbaceous 6.3 3.2 3.2 0.2% 
Deciduous Forest 377.5 390.4 390.4 21.0% 
Evergreen Forest 622.6 627.3 627.3 33.7% 
Mixed Forest 274.8 277.2 277.2 14.9% 
Scrub/Shrub 253.0 236.1 236.1 12.7% 
Palustrine Forested Wetland 148.6 158.7 158.7 8.5% 
Palustrine Scrub/Shrub Wetland 98.6 91.9 91.9 4.9% 
Palustrine Emergent Wetland (Persistent) 33.3 30.6 30.6 1.6% 
Barren Land 2.6 0.5 0.5 <0.1% 
Open Water 24.8 24.9 24.9 1.3% 

Total 1,862.1    
     
 GRPO Watershed (including Park) 
Developed High Intensity 1.2 1.4 1.4 <0.1% 
Developed Medium Intensity 6.4 7.0 7.0 0.1% 
Developed Low Intensity 13.6 15.2 15.2 0.3% 
Developed Open Space 0.5 0.5 0.5 <0.1% 
Cultivated Crops 0.4 0.5 0.5 0.1% 
Pasture/Hay 4.5 4.5 4.5 <0.1% 
Grassland/Herbaceous 122.9 7.4 45.4 0.8% 
Deciduous Forest 1,004.0 1,063.8 1,035.0 18.1% 
Evergreen Forest 1,908.0 1,940.8 1,938.4 33.9% 
Mixed Forest 922.5 913.9 909.1 15.9% 
Scrub/Shrub 940.6 972.0 970.2 17.0% 
Palustrine Forested Wetland 487.4 512.1 511.5 8.9% 
Palustrine Scrub/Shrub Wetland 183.8 164.6 164.8 2.9% 
Palustrine Emergent Wetland (Persistent) 77.0 73.1 73.1 1.3% 
Barren Land 3.6 0.7 0.7 <0.1% 
Open Water 41.4 40.5 40.5 <0.1% 

Total 5,717.9    
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4.1.2 Impervious Surfaces 

Description 

Klein (1979), in a study of 27 small watersheds in Maryland, suggested that watershed 

impervious surface should not exceed 10% for sensitive stream ecosystems, such as those 

containing self-sustaining trout populations. Stranko et al. (2008) reported that in only one of six 

eastern Piedmont (Maryland) streams were brook trout found in watersheds where impervious 

land cover exceeded 4% as assessed from the 2001 National Land Cover Database (NLCD). 

Although the study was not specific to coaster brook trout, it should be noted that coaster brook 

trout do spawn in streams just as other brook trout do. The authors indicated that impervious land 

cover is correlated with increases in stream temperature, sediment, and habitat instability 

(Stranko et al. 2008 and citations therein). 

Data and Methods 

The percent of the Grand Portage Creek watershed in impervious cover was calculated using the 

constructed surface definitions provided in the C-CAP Land Cover Classification Scheme (Table 

9). It was assumed that 100% of constructed materials are impervious; if materials such as 

porous pavement are used, the amount of impervious surface could be overestimated. However, 

Stranko et al. (2008) showed that the the use of high-resolution aerial photography from a similar 

time period showed substantially greater amounts of impervious land cover than results derived 

from the 2001 NLCD, so the amount of impervious surface might also be underestimated. 

 

Table 9. Percent constructed surfaces by land cover type in Grand Portage Creek watershed (NPS 
2010a). 

Developed Land 
Cover Type 

% 
Constructed 

Materials 

Area in 
GPC 

Watershed 
(ha) 

Area in 
Constructed 

Surfaces 
(ha) 

Area in 
GPC 

Watershed 
below Hwy 

61 (ha) 

Area in 
Constructed 

Surfaces 
(ha) 

High Intensity 80-100% 0.7 0.6-0.7 0.7 0.6-0.7 
Medium Intensity 50-79% 5.6 2.8-4.4 5.2 2.6-4.1 
Low Intensity 21-49% 10.6 2.1-5.2 8.2 1.6-4.0 
Open Space <20% 0.5 0-0.1 0.5 0-0.1 

Total Developed  17.4 5.5-10.4 14.6 4.8-9.0 
Total Watershed  1,862.1 (0.3-0.6%) 117.6 (4.1-7.6%) 

 

Newman et al. (2003), in their development of a brook trout rehabilitation plan for Lake 

Superior, have indicated that a culvert at Highway 61 provides a barrier to brook trout movement 

in Grand Portage Creek. The authors list low flow rates during summer or winter and limited 

groundwater availability to maintain suitable stream temperatures and provide spawning habitat 

as stressors for brook trout in Grand Portage Creek. 

Reference Condition 

Impervious land cover should not exceed 4% within the Grand Portage Creek watershed for the 

protection of coaster brook trout. This represents a ñleast disturbed conditionò or ñthe best of 

todayôs existing conditionsò (Stoddard et al. 2006). 
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Condition and Trend 

The Grand Portage Creek watershed in its entirety is estimated 

to have 0.3-0.6% impervious surface (Table 9), well below the 

4% needed for the protection of brook trout. Therefore, we rate 

the condition of Grand Portage Creek for coaster brook trout relative to impervious surfaces as 

good.  

It should be noted that the portion of the watershed below Highway 61, that available to the fish, 

is 4.1-7.6% impervious surface, but the significance of this is uncertain. Although the culvert at 

Highway 61 prevents fish from traveling through the entire watershed, it does not prevent the 

water from the entire watershed from traveling to the part of the stream they can use. We 

recommend that a more refined calculation of impervious surface be made to accurately assess 

condition and especially trend, given the underestimation of impervious surfaces by NLCD noted 

by Stranko et al (2008), and we rate the trend as uncertain. Our confidence in this assessment is 

fair. 

4.1.3 Landscape Pattern and Structure 

Description 

The Portage Trail at GRPO is a long, narrow corridor with overall dimensions of 31,378 m of 

perimeter to 2,866,403 m
2
 of area, or a perimeter to area ratio of 0.0109 m m

-2
. This ranks it 89

th
 

in terms of amount of edge among 387 NPS units (NPS 2011). Route and Elias (2007) noted 

ñédifficulty of managing a narrow corridor of habitatéò among the primary threats to GRPO. 

GRPO is also located within the forestry land use district of the Grand Portage Reservation 

(Figure 10). 

The shape and location of GRPO affect the amount and proportion of its core habitat, which is 

significant to both biotic and abiotic processes in the landscape (Turner 1989). In a forest, the 

presence of edge alters the micro-environment (temperature, relative humidity, and wind) for an 

appreciable distance into the forest (Matlack 1993, Chen et al. 1995). The spatial extent of these 

influences, and the corresponding changes in vegetation, vary substantially among studies, which 

have noted differences by aspect, region or forest type, and edge structure (Matlack 1993, 

Cadenasso and Pickett 2001, Nelson and Halpern 2005). A study in the boreal mixed-wood 

forest type of Alberta found a distinct aspect effect, with the edge width for shrubs narrowest on 

the east; shrub and herb abundance varied up to 20 m into the forest, and alien species reached 

their peak abundance 5-15 m from the forest edge (Gignac and Dale 2007). Of particular note is 

that small fragments generally contain more alien species, and these species may occur up to 40 

m from the edge (Gignac and Dale 2007). Changes in the size or number of natural habitat 

patches, or a change in the connectivity between those patches, can lead to loss of diversity of 

native species, among other effects (Fahrig and Merriam 1985).  
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Figure 10. Land use districts on the Grand Portage Reservation (Frazier et al. 2006). 

Data and Methods 

The degree to which the habitat of GRPO is intact was assessed by several methods. We used the 

landscape dynamics monitoring project NPScape to develop metrics of forest density (a measure 

of area-density which describes a very broad habitat category) and forest morphology (a measure 

that indicates the amount of core habitat vs. edge). Because the area of GRPO is small for the use 

of such landscape-scale metrics, we also examined forest disturbance data generated from 

Landsat images and inspected several aerial photos for evidence of recent forest changes. 

The perimeter to area ratio for GRPO and, for comparison, all other NPS units was calculated in 

ArcGIS using the current NPS boundaries (NPS 2011) re-projected to 

USA_Contiguous_Albers_Equal_Area_Conic_USGS_version (NAD83) as used in the NPScape 

Standard Operating Procedures (SOP). 

Forest density and forest morphology statistics were generated also using NPScape SOPs. We 

used the NPScape metrics generated from the 2006 NLCD and found in IRMA (NPS 2012). We 

also used qualitatively a set of 1991 and 2010 aerial photographs for GRPO. With these, we 

could assess canopy density across the watershed and roughly estimate the time it took a 

harvested area to re-establish a ócanopyô (i.e., a continuous layer of vegetation).  

Titus Seilheimer, research ecologist with the USFS Northern Research Station in St. Paul, 

Minnesota, provided vegetation change tracker (VCT) data for GRPO that was generated from 

Landsat time series stacks using the methodology of Stueve et al. (2011).  
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Reference Condition 

Because the lands surrounding GRPO are actively managed by the Grand Portage Band, the 

forest density conditions in the Superior National Forest are a reasonable point of reference. 

Therefore, at least 80% of the GRPO watershed should be in the dominant to intact area density 

class for forest density. This is considered a ñleast disturbed conditionò because it establishes an 

acceptable level of human disturbance (Stoddard et al. 2006). A reference condition for forest 

morphology was not established because of the variability of species response (positive, 

negative, or neutral) to edge (Ries and Sisk 2004).  

Condition and Trend 

The GRPO watershed compares favorably to the Superior 

National Forest for forest density (83.1% to 81.6%). However, 

we rate the landscape pattern and structure at GRPO as a 

moderate concern, with an uncertain trend, based on a qualitative analysis using the USFS 

disturbance map and the aerial photographs. Sharp edges are created at the park boundary by 

forest harvesting and logging roads. Our degree of confidence in this assessment is fair.  

Because the corridor is so narrow, the smallest appropriate unit at which forest density could be 

applied was the GRPO watershed. NPScape forest density was calculated for the watershed, a 30 

km park buffer, and the Superior National Forest using a 30 m grid size and a 7 x 7 moving 

window (4.4 ha) in the analysis (NPS 2010b, Monahan et al. 2012). From a reference condition 

and habitat perspective, it is important to note the definitions utilized by NPScape. A grid is 

considered óforestô if the proportion of cover contributed by woody vegetation at least 5 or 6 m 

tall is at least 20 or 25% (conflicting definitions are given at the NLCD website 

[http://www.mrlc.gov/nlcd06_leg.php]). A window is considered óforest dominantô if at least 60 

percent, but less than 90 percent, of the grids meet the definition for forest. This means that a 

given 4.4 ha area could have anywhere from ~20 to over 80% tree cover and meet the definition 

of óforest dominant.ô 

As calculated by the NPScape forest density metric, over 83% of the GRPO watershed and 

nearly 82% of the landscape within 30 km of GRPO was in ñdominantò (also called 

ñvariegatedò) to ñintactò condition. Therefore, only 17-18% of the landscape was composed of 

4.4 ha windows in which less than 60% of the grids met the threshold for forest. Percolation 

theory suggests that at this threshold, a landscape may ñflipò from mostly interconnected areas to 

mostly small, isolated patches (Monahan et al. 2012 and citations therein). The percent of the 

landscape in this condition was similar to that in the nearby Superior National Forest (Table 10). 

Wickham et al. (2007, in Monahan et al. 2012), found area-density to be sensitive to loss in the 

area of dominant forest, even when patch size distribution was unchanged. However, for GRPO, 

this analysis may suggest a higher level of contiguous forest than is warranted for this ñworkingò 

landscape; it lumps all forest types into one category and does not distinguish between a very 

young forest whose canopy recently closed (e.g., 30 years after logging) and an old one (perhaps 

120 years or older). 
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Table 10. Forest density metric for the Grand Portage National Monument watershed, a 30 km buffer 
around the park, and the nearby Superior National Forest for 2006, using a 30 m grid size and a 7 x 7 
moving window (4.4 ha) (NPS 2012). 

Density Class 
Name 

Area-Density for 
Forest Cover (p) 

Location 

  GRPO Watershed GRPO Buffer  
(30 km) 

Superior National 
Forest 

  ha % ha % ha % 

No Focal 
Landcover 

p = 0% 
36 0.6 2,313 2.7 63,828 4.2 

Rare 0% < p < 10% 56 1.0 1,006 1.2 22,461 1.5 
Patchy 10% Ò p < 40% 303 5.3 5,279 6.1 89,966 5.9 
Transitional 40% Ò p < 60% 576 10.1 7,167 8.3 104,828 6.9 
        
Dominant 60% Ò p < 90% 2,315 40.5 24,230 28.1 353,676 23.2 

Interior 
90% Ò p < 

100% 1,089 19.0 13,351 15.5 220,141 14.4 
Intact p = 100% 1,341 23.5 32,996 38.2 671,068 44.0 

Subtotal ï  
Dominant to 

Intact 

 

4,745 83.1 70,577 81.7 1,244,885 81.6 

Total 

 

5,716  86,343  1,525,968  

 

We next examined landscape-level 

data regarding forest morphology 

with an NPScape SOP that uses 

Morphological Spatial Pattern 

Analysis (MSPA). This process uses 

image segmentation to classify 

individual grid cells in binary 

(forest/nonforest) maps into a set of 

pattern types (Figure 11). In 

NPScape, the eight basic landscape 

pattern types are core, islet, 

perforation, edge, loop, bridge or 

corridor, branch, and background 

(NPS 2010b).  

The most recent data set for which 

metrics had been calculated at the 

30-m scale was the 2006 NLCD 

(NPS 2012). Because of the scale of 

this source dataset, the NPScape 

SOPs do not recommend using an analysis area of less than 30 km, or nearly 1,000 km
2
 (NPS 

2010b).  

The results, which are a snapshot of forest morphology in 2006 for a large area relative to the 

size of GRPO, indicate that using an edge width of one cell (30 m), 62% of the land area within 

Figure 11. Explanation of Morphological Spatial Pattern 
Analysis (figure obtained from 
http://ies.jrc.ec.europa.eu/news/108/354/Highlight-
November-2009/d,ies_highlights_details.html). 

http://ies.jrc.ec.europa.eu/news/108/354/Highlight-November-2009/d,ies_highlights_details.html
http://ies.jrc.ec.europa.eu/news/108/354/Highlight-November-2009/d,ies_highlights_details.html
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30 km of GRPO was core forest, and 10% was edge. Nineteen percent was not forest, and the 

remaining 9% was in one of five categories (branch, islet, bridge, perforated, or loop) that 

identified it as an area that was either a type of connector between core forest areas or too small 

to be core forest. When the edge width was increased to five cells (150 m), the amount of land 

area in core forest dropped to 26%, 28% was edge, and 22% was classified as bridge between 

core forest patches (Figure 12). These landscape-level figures indicate patchiness in the 

landscape, where increasing the width of the area defined as edge (increasing the penetration into 

a forest) has a significant impact on the size of the area that can be defined as core forest. It 

should be noted that these evaluations cannot be applied to the corridor itself. 

These landscape-level assessments were further refined by examining the 2006 C-CAP land 

cover map for the GRPO vicinity (NPS 2010a) to include the effects of forest type. The Portage 

Trail crosses parts of three small watersheds that total 5,718 ha. If the vegetation is categorized at 

a broad scale of three forest types (evergreen, deciduous, and mixed), one non-wetland shrub 

type, a grassland type, and three palustrine cover types, a strong pattern of inter-digitation is 

evident (Figure 13). There are a handful of relatively large evergreen communities, but generally 

the habitats are small and irregularly shaped. Much of the evergreen forest type exists as long, 

narrow fingers. 

Further site-specific analysis reveals that in varying locations and at varying times, the landscape 

bordering the Portage Trail had no forest cover due to frequent cutting that creates open habitat. 

GRPO is located within the forestry district of the Grand Portage Reservation (Figure 10), and 

harvesting is done up to the edge of the 183-m wide trail corridor boundary. For example, Figure 

14 shows an area that was logged prior to 1984 for 2,500 m parallel to the trail and a second area 

harvested post 2009 for 1,000 m along the trail corridor. These human-created openings persist 

for 10 to 20 years. Further evidence of a moderate level of regular, ongoing forest disturbance in 

the GRPO watershed was provided by the VCT data provided by the USFS, which shows areas 

of disturbance beyond those we detected in our limited aerial photo analysis (Figure 15). 

The landscape structure is further affected by the abundance of shrub habitat and secondarily by 

palustrine habitats. These characteristics collectively mean that very little of the forested areas 

along the Portage Trail has much core (interior) habitat. Therefore, much of the forest area is 

being affected by the presence of óedge,ô that is, the micro-environment (temperature, relative 

humidity, and wind) is altered for an appreciable distance into the forest, and the limited data we 

have suggest that this condition will continue.  
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Figure 12. Landscape morphology metrics for a 30 km buffer surrounding Grand Portage National 
Monument at the one cell (30 m edge) and five cell (150 m edge) scales. 
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Figure 13. C-CAP landcover map for the vicinity of Grand Portage National Monument. 
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Figure 14. Air photos showing harvesting (shaded areas) along the Grand Portage Trail corridor just prior 
to 1991 (above) and between 2003 and 2010 (below). 
























































































































































































































































































































































































































